IMPACT OF PLASMA PROTEIN LEVELS ON ELECTROLYTE
MEASUREMENTS: A COMPARATIVE STUDY OF DIRECT AND
INDIRECT ION-SELECTIVE ELECTRODE METHODS
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BACKGROUND/AIM

Accurate electrolyte measurement is critical for diagnosing and managing disorders of fluid and electrolyte balance. This study
evaluates the effect of plasma protein levels on sodium (Na), potassium (K), and chloride (Cl) measurements using direct and
indirect ion-selective electrode (ISE) methods, focusing on protein-induced matrix effects such as pseudohypernatremia and
pseudohyponatremia. These phenomena occur because indirect ISE methods measure ion activity in a diluted sample, requiring
mathematical correction based on assumptions about plasma water content that may not hold in abnormal protein states [1].
Previous research demonstrated that up to 25% of samples from critically ill patients could be misclassified when using indirect
ISE methods in cases of abnormal protein concentrations [1] [2], of which 97% occur in hypoproteinemic samples [2].

METHODS

In leftover plasma samples (n=120, Li Hep), electrolyte (Na, K, Cl) concentrations were measured on the solite analyzer
(MEON Medical Solutions) with integrated m|1 electrolyte module (EXIAS Medical) as well as on the Cobas 8000 analyzer
(Roche Diagnostics). The m|1 electrolyte module uses direct ISE, while the Cobas 8000 uses indirect ISE. Additionally, total
protein (TP) concentrations were determined for the same samples on the Cobas 8000.

Samples were classified into hypoproteinemic (<6.6 g/dL; 64.4%) and normoproteinemic (6.6-8.7 g/dL; 35.6%) groups based
on TP levels. Systematic biases between methods were assessed using Bland-Altman analysis and linear regression
modelling. A multifactorial linear model incorporating electrolyte concentration (Na, K, Cl), TP levels, and an intercept was
used to quantify the impact of protein levels on electrolyte measurements.

RESULTS

Signiﬂcant biases (p < 005) were observed across all Partial Dependence of Sodium (Na) Measurement Bias on Total Protein
electrolytes. For every 1 g/dL increase in TP, indirect ISE g

underestimated Na by 0.77 mmol/L (p < 0.001), K by 0.05 oyt e .
mmol/L (p < 0.001) and Cl by 1.02 mmol/L (p < 0.001) compared - Forevery TG/l incrensa n TP, bias changes by -0.77 mmolL

to direct ISE. Hence, indirect ISE overestimates Na levels (e.g.,
pseudohypernatremia) in hypoproteinemic specimens and
underestimates Na levels (e.g., pseudohyponatremia) in
hyperproteinemic specimens [3].
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These observed biases closely matched theoretical expectations
based on plasma water fraction changes with varying protein
concentrations [4]. Correcting for systematic differences
confirmed that biases were exclusively attributable to TP levels.
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Regression:

Regression:
Bias = -0.048 x TP + 0.010 x c + 0.306

Bias = -1.019 x TP + 0.065 x ¢ + 0.662 L

Key Findings:

* TP coefficient: -0.05 mmol/L per g/dL

« p-value: 0.000000 (<0.001)

« For every 1 g/dL increase in TP, bias changes by -0.05 mmol/L

o

Key Findings:

» TP coefficient: -1.02 mmol/L per g/dL

= p-value: 0.000001 (<0.001)

= For every 1 g/dL increase in TP, bias changes by -1.02 mmaol/L
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CONCLUSION

Direct ISE methods provide more accurate measurements of Na, K, and Cl across varying protein levels (3.7 - 8.1 g/dL) compared to
indirect ISE methods, which are prone to protein-induced matrix effects due to their dilution step and the compensation applied to
account for it. The magnitude of this effect is clinically significant, particularly for sodium measurements in critically ill patients who are
often present with abnormal protein levels.

Our results confirm and extend earlier observations by Dimeski et al. [1], [2], highlighting that the risk of misclassification is substantial
and directly proportional to the deviation from normal protein levels. The observed coefficient of -0.77 mmol/L per g/dL for sodium

aligns well with previous estimates (-0.78 to -0.98 mmol/L per g/dL) [2], supporting the consistency of this phenomenon across different
analytical platforms.

These findings align with recent consensus recommendations suggesting direct ISE methods should be preferred [5]. Selecting
appropriate measurement techniques is critical in clinical settings to minimize errors in electrolyte assessment caused by plasma
protein variations. [5], [6]
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